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© Polylmlde multilayer wiring board and method of producing same. 



© A polyimide multilayer wiring board is construct- 
ed by using a plurality of laminated blocks each of 
which has a plurality of wiring layers and interlaminar 
insulating layers of polyimide. On a base block hav- 
ing a substrate, the other blocks are laid on top of 
another, bonded to each other with a polyimide used 
in each block or another adhesive and electrically 
connected to each other by using, for example, 



metal bumps formed on each block. Each of the 
blocks except the base block is formed on a tem- 
porary substrate, and the temporary substrate is 
removed after bonding each block to the base block 
or precedingly bonded blocks. This multilayer wiring 
board can be produced in a shortened time with 
increased yield. 
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This invention relates to a multilayer wiring 
board in which a plurality of wiring layers are 
laminated on a ceramic or hard resin substrate by 
using polyimide resin as the interlaminar insulating 
material and a method of producing same. The 
multilayer wiring board is suitable for mounting 
thereon LSI chips. 

Multilayer printed wiring boards have been long 
used as wiring boards for mounting thereon LSI 
chips. Usually a multilayer printed wiring board is 
constructed by alternately laminating copper clad- 
ded core boards and prepreg sheets, uniting the 
laminated components by hot pressing to cause 
the prepreg sheets to function as adhesive, drilling 
a plurality of through-holes in the united multilayer 
board and plating the inner surfaces defining the 
respective through-holes with copper to make inter- 
laminar electrical connections between the core 
boards. 

In the conventional multilayer printed wiring 
boards the wiring density is restricted by the drill- 
ing of the through-holes. It is impossible to ex- 
tremely reduce the diameter of the through-holes 
because of forming them by drilling, and hence 
there is a strict limitation to the number of wiring 
lines that can be formed in the area between the 
through-holes. Further, the capacity of each core 
board for signaling wiring lines becomes lower as 
the total number of the core boards is increased 
since the total number of the through-holes must 
be progressively increased as the number of the 
core boards increases. 

Recently multilayer wiring boards of a different 
type have been developed to meet the demand for 
multilayer wiring boards which can be made higher 
in wiring density and can be used in large comput- 
ers. A multilayer wiring board of the new type uses 
polyimide resin as the interlaminar insulating ma- 
terial to support a plurality of wiring layers on a 
ceramic substrate, and this multi-layer wiring board 
is produced by alternately repeating a process for 
forming a polyimide insulating layer and another 
process for forming a wiring layer. The former 
process includes applying a polyimide varnish to 
the substrate or a precedingty formed wiring layer, 
drying the varnish, forming via holes in the 
polyimide layer and then curing the polyimide. The 
latter process includes forming a wiring pattern by 
photplithography and then making wiring by vacu- 
um evaporation or plating. 

However, the above laminating process for pro- 
ducing the polyimide multilayer wiring board takes 
very long hours since the steps of applying a 
polyimide varnish, forming via holes and curing the 
polyimide need to be repeated the same number of 
times as the total number of the insulating layers. 
Besides, the repetition of the curing operation is 
liable to cause the precedingly cured polyimide to 



deteriorate under repeated thermal stress. Further, 
it is difficult to raise the yield of acceptable pro- 
ducts since the laminating process is a sequential 
process. 

5 To obviate the disadvantage of the sequential 

laminating process in respect of the yield of ac- 
ceptable products there is another method of pro- 
ducing a polyimide multilayer wiring board by us- 
ing a number of polyimide sheets on each of which 
w a wiring pattern is formed in advance. On a ce- 
ramic substrate the polyimide sheets are laminated 
one after another each time by application of heat 
and pressure. By this method it is possible to 
select defectless sheets before the laminating op- 
75 eration, and hence it is possible to raise the yield 
of acceptable multilayer wiring boards. However, 
this method also has disadvantages that the lami- 
nating process takes long hours because of the 
need of repeating the heat pressing operation 
20 many times and that the polyimide of the bottom 
layers is liable to deteriorate by repeated thermal 
stress. 

SUMMARY OF THE INVENTION 

25 

It is an object of the present invention to pro- 
vide an improved polyimide multilayer wiring board 
which can be made high in wiring density and can 
be produced in a relatively short time and with high 

30 yield of good products. 

It is another object of the invention to provide 
an advantageous method for producing the above 
stated improved polyimide multilayer wiring board. 
The present invention provides a multilayer wir- 

35 ing board which comprises an electrically insulating 
substrate, a plurality of laminated blocks which are 
laid on top of another on the substrate and bonded 
to each other. Each of the laminated blocks com- 
prises a plurality of wiring layers and a plurality of 

40 polyimide resin layers in an alternately laminated 
arrangement. The multilayer wiring board further 
comprises connection means tor electrically con- 
necting two adjacently positioned blocks to each 
other. 

45 For example, the connection means is a com- 
bination of a plurality of solder pools in the surface 
of one of the two adjacently positioned blocks and 
a plurality of metal bumps on the surface of the 
other block. 

so Further, the invention provides a method of 
producing a multilayer wiring board, the method 
comprising the steps of (i) making a laminated 
base block which comprises an electrically insulat- 
ing substrate, a combination of a plurality of wiring 

65 layers and a plurality of polyimide resin layers in 
an alternately laminated arrangement and a plural- 
ity of electrical terminals exposed in the surface 
opposite from the substrate, (ii) separately making 
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a plurality of laminated temporary blocks each of 
which comprises a temporary substrate, a com- 
bination of a plurality of wiring layers and a plural- 
ity of polyimide resin layers in an alternately lami- 
nated arrangement and a plurality of electrical ter- 5 
minals exposed in the surface opposite from the 
temporary substrate, (iii) bonding one of the tem- 
porary blocks to the base block such that the 
electrical terminals of the temporary block come 
into alignment with the electrical terminals of the w 
base block, respectively, and electrically connect- 
ing the terminals of the temporary block to the 
terminals of the base block, respectively, (iv) re- 
moving the temporary substrate, (v) providing a 
plurality of electrical terminals on the surface ex- rs 
posed by the removal of the temporary substrate, 
and {vii) bonding a second temporary block to the 
laminate obtained by the steps (iii) to (v) and 
electrically connecting the electrical terminals of 
the second temporary block to the electrical termi- 20 
nals provided at the step (v), and removing the 
temporary substrate of the second temporary sub- 
strate. 

As will be apparent the above steps (vi) and 
(vii) can be repeated until an intended number of 25 
blocks are assembled into a multilayer wiring 
board. 

The invention has advantages in many re- 
spects. First, compared with the conventional se- 
quential laminating process the manufacturing pro- 30 
cess according to the invention is very higher in 
productivity and the multilayer wiring board can be 
produced in a greatly shortened time, firstly be- 
cause a number of blocks can be produced si- 
multaneously and also because in this invention it 35 
suffices to perform a heat press curing operation 
only at the stage of bonding each block to another 
block or precedingly bonded blocks. Second, dete- 
rioration of the polyimide layers by thermal stress 
is obviated since the number of times of heat press 40 
curing operation is greatly decreased. Further, the 
multilayer wiring board can be produced with im- 
proved accuracy since each block has a relatively 
small number of wiring layers and hence can be 
produced very accurately. Furthermore, in mass 45 
production the yield of acceptable products consid- 
erably increases because every block can be elec- 
trically inspected to exclude defective blocks be- 
fore assembling the blocks into the multilayer wir- 
ing board. 50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic and elvational sectional 
view of a multilayer wiring board which em- 55 
bodies the invention and has a ceramic sub- 
strate; 

Fig. 2 is a schematic and elvational sectional 



view of a multilayer wiring board which em- 
bodies the invention and has a hard resin sub- 
strate; 

Figs. 3(A) to 3(E) illustrate a process of making 
a temporary block in producing a multilayer 
wiring board according to the invention; 
Figs. 4(A) to 4(G) illustrate a process of making 
a base block in producing a multilayer wiring 
board according to the invention; 
Figs. 5(A) to 5(C) illustrate a process of assem- 
bling a plurality of blocks obtained by the pro- 
cesses illustrated in Figs. 3(A) to 3(E) and Figs. 
4(A) to 4(G) into a multilayer wiring board; 
Fig. 6 shows a partial modification of the pro- 
cess illustrated in Figs. 3(A) to 3(E); 
Fig. 7 shows a partial modification of the pro- 
cess illustrated in Figs. 4(A) to 4(G); 
Figs. 8(A) to 8(C) illustrate a process of assem- 
bling a multilayer wiring board using the blocks 
shown in Figs. 6 and 7; 

Fig. 9 and Figs. 10(A) and 10(B) illustrate a part 
of a process of producing a multilayer wiring 
board according to the invention using an adhe- 
sive resin; 

Figs. 1 1 and 1 2 illustrate a partial modification of 
the process illustrated in Figs. 9, 10(A) and 10- 
(B); 

Fig. 13 is a schematic and elevational sectional 
view of a multilayer wiring board which is an- 
other embodiment of the invention; 
Fig. 14 shows a temporary block having metal 
bumps, and Fig. 15 shows a base block having 
metal bumps; 

Figs. 16(A) and 16(B) illustrate the process of 
bonding the blocks of Figs. 14 and 15 to each 
other; 

Fig. 17 is a schematic and elevational sectional 
view of a multilayer wiring board which is an- 
other embodiment of the invention and uses an 
anisotropically conductive film for bonding two 
blocks to each other; 

Figs. 18(A) to 18(C) illustrate a part of the pro- 
cess of assembling the multilayer wiring board 
of Fig. 17; 

Figs. 19(A) and 19(B) illustrate a partial modi- 
fication of the process illustrated in Figs. 18(A) 
and 18(B); 

Figs. 20(A) to 20(G) illustrate a process of mak- 
ing a temporary block having a detachable tem- 
porary substrate; 
Fig. 21 shows a base block; 
Figs. 22(A) to 22(H) illustrate a process of as- 
sembling a multilayer wiring board by using the 
base block of Fig. 21 and a plurality of tem- 
porary blocks obtained by the process illustrated 
in Figs. 20(A) to 20(D); 

Figs. 23(A) to 23(E) illustrate a process of mak- 
ing another temporary block having a detacha- 
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ble temporary substrate; 

Figs. 24(A) to 24(D) illustrate a process of bond- 
ing the temporary block obtained by the process 
illustrated in Figs. 23(A) to 23(E) to a base block 
and then detaching the temporary substrate; 
Figs. 25(A) to 25(C) illustrate a part of a process 
of making another temporary block having a 
detachable temporary substrate, and Fig. 26 
shows the obtained temporary block; and 
Figs. 27(A) to 27(C) illustrate a process of bond- 
ing the temporary block of Fig. 26 to a base 
block and then detaching the temporary sub- 
strate. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 shows an example of multilayer wiring 
boards according to the invention. Fundamentally 
this multilayer wiring board is an assembly a base 
block 10 and a plurality of blocks 50 each of which 
is laid on top of another, and each of the blocks 10, 
50 has a laminated structure. 

The bottom layer of the base block 10 is a 
ceramic substrate 12. A plurality of input-output 
terminal pins 14 protrude from the bottom surface 
of the substrate 12, and interconnection wirings 16 
are formed in the substrate 12 to provide conduc- 
tive paths extending from the top surface of the 
substrate to the respective pins 14. For example, 
the substrate 12 is an alumina substrate using 
molybdenum as the wiring metal. The base block 
10 has a layer of interconnecting and grounding 
wiring 18 on the top surface of the ceramic sub- 
strate 12, a layer of signaling wiring 22 spaced 
from the wiring layer 18 by a polyimide resin layer 
20 (hereafter the term "polyimide" will be used in 
the sense of "polyimide resin"), another layer of 
signaling wiring 28 spaced from the wiring layer 22 
by a polyimide layer 26, another layer of intercon- 
necting and grounding wiring 34 spaced from the 
wiring 28 by a polyimide layer 32, and another 
polyimide layer 38 which provides the top surface 
of the block 10. The signaling wiring 22 and the 
signaling wiring 28 make a pair, and one of them is 
arranged in X-direction and the other in Y-direction. 
These two signaling wiring layers 22, 28 are posi- 
tioned between the upper grounding wiring layer 34 
and the lower grounding wiring layer 18 with care 
to adjust impedance and reduce crosstalk noise. In 
the polyimide layer 38 there are a plurality of 
solder pools 40 which are exposed in the top 
surface of the block 10 and connect with the wiring 
layer 34. Through each of the polyimide layers 20, 
26 and 32, interlayer conductors 24, 30, 36 provide 
connections between the two wiring layers on the 
opposite sides of each polyimide layer. The inter- 
layer conductors 24, 30, 36 are formed by using 



via holes as will be described hereinafter. 

The block 50 placed on the base block 10 has 
a polyimide layer 54 as the bottom layer in contact 
with the top. polyimide layer 38 of the base block 
5 10, and a layer of interconnecting and grounding 
wiring 56 is formed on the top side of the 
polyimide layer 54. A plurality of metal bumps 52 
protrude from the bottom surface of the polyimide 
layer 54 and respectively intrude into the solder 

io pools 40 in the top surface of the base block 10. 
The metal bumps 52 extend through the polyimide 
layer 54 from the wiring layer 56. Further the block 
50 has a layer of signaling wiring 62 spaced from 
the wiring layer 56 by a polyimide layer 58, another 

15 layer of signaling wiring 66 spaced from the wiring 
layer 58 by a polyimide layer 64, another layer of 
interconnecting and grounding wiring 72 spaced 
from the wiring layer 66 by a polyimide layer 70, 
and another polyimide layer 76 which is laid on the 

20 wiring layer 72 and provides the top surface of the 
block 50. In the polyimide layer 76 there are a 
plurality of solder pools 40 which are exposed in 
the top surface of the block 50 and connect with 
the wiring layer 72. Through each of the polyimide 

25 layers 58, 66 and 70 interlaminar conductors 60, 
68, 74 provide connections between the two wiring 
layers on the opposite sides of each polyimide 
layer. The interlaminar conductors 60, 68, 74 are 
formed by using via holes as will be described 

30 hereinafter. The signaling wiring 62 and the sig- 
naling wiring 66 make a pair, and one of them is 
arranged in X-direction and the other in Y-directio. 
These two signaling wiring layers 62 and 66 are 
positioned between the upper grounding wiring lay- 

35 er 72 and the lower grounding layer 56 with care to 
adjust impedance and reduce crosstalk noise. This 
block 50 is fixed to the base block 1 0 by adhesion 
of the bottom polyimide layer 54 to the top 
polyimide layer 38 of the base block, and the block 

40 50 is electrically connected to the base block 10 by 
solder jointing the metal bumps 52 with the cor- 
responding solder pools 40 of the base block 10. 

Each of the remaining blocks 50 has the above 
described laminar structure except that the block 

45 50 at the top of the multilayer wiring board is 
formed with a plurality of electrode pads 80, in- 
stead of the solder pools 40 in the other blocks, for 
mounting LSI chips (not shown) thereon. Each 
block 50 is mechanically fixed to and electrically 

so connected to the underlying block 50 similarly to 
the fixing and connection of the block 50 on the 
bottom side to the base block 10. 

For example, in the multilayer wiring board of 
Fig. 1 each of the wiring layers is about 7 urn or 10 

55 um in thickness and about 25 um in line width; 
each of the interlaminar insulating polyimide layers 
has a thickness of about 20 um; each of the solder 
bumps 40 is about 50-500 um square in area and 
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about 10-100 urn in depth; and each of the metal 
bumps 52 is about 25-300 urn square in cross 
section and about 10-50 urn in the length of protru- 
sion from the polyimide surface. 

Fig. 2 shows another example of multilayer 
wiring boards according to the invention. This mul- 
tilayer wiring board is fundamentally similar to that 
of Fig. 1, but in this example a hard resin substrate 
12A is employed in place of the ceramic substrate 
12 in Fig. 1. For example, the substrate 12A is a 
molding of a polyimide resin. The resin substrate 
12A is pierced with a plurality of input-output termi- 
nal pins 14A each of which is tightly inserted into a 
through-hole in the substrate. The important merit 
of using the polyimide substrate 12A is the pos- 
sibility of accurately matching the thermal expan- 
sion coefficient of the substrate and that of the 
polyimide layers which are supporting the wiring 
layers. Accordingly the use of this substrate 12A is 
particularly suitable when the multilayer wiring 
board has a relatively large area and/or a relatively 
large number of wiring and insulating layers. 

EXAMPLE 1 

This example relates to a method of producing 
a multilayer wiring board of the type shown in Fig. 
1. 

The major part of each of the blocks 50 is 
formed by the process illustrated in Figs. 3(A) to 3- 
(E), wherein the grounding wiring layer 56 and the 
polyimide layer 58 in the block 50 of Fig. 1 are 
omitted for the sake of simplification. 

Referring to Fig. 3(A), at the initial step (a) the 
interconnecting and grounding wiring layer 72 is 
formed on a flat plate of aluminum 78 by the usual 
substeps of forming a wiring pattern by a pho- 
tolithography technique using a photoresist, elec- 
troplating the pattern with gold and removing the 
photoresist film. At next step (b) shown in Fig. 3(B) 
the polyimide layer 70 having a plurality of via 
holes 71 at predetermined locations is formed on 
the aluminum plate 78 so as to overlay the wiring 
layer 72 by using a photosensitive polyimide. The 
polyimide layer 70 with the via holes 71 is formed 
by applying a polyimide varnish which is a precur- 
sor of the polyimide to the aluminum plate 78, 
removing the varnish layer in the areas of the 
respective via holes 71 by exposure to actinic light 
with masking and subsequent development and 
then curing the varnish layer. 

At next step (c) illustrated in Fig. 3(C) the via 
holes 71 in Fig. 3(B) are filled with gold to provide 
the interlayer conductors 68, and the signaling wir- 
ing layer 66 is formed on the polyimide layer 70 by 
the same method as in the step (a). Then the 
wiring layer 66 is overlaid with the polyimide layer 
64 having via holes 65 by the same method as in 



the step (b), and the signaling wiring layer 62 is 
formed on the polyimide layer 64 together with the 
interlaminar conducturs 68 in the via holes 65 by 
the same method as in the step (a). According to 

5 the need the operations in the step (c) are ex- 
tended until an intended number of wiring layers 
and insulating polyimide layers are formed. 

At next step (d) shown in Fig. 3(D) the wiring 
layer 62 is overlaid with the polyimide layer 54 

10 which is formed with a plurality of via holes 55 at 
predetermined locations by the same method as in 
the stpe (b). This polyimide layer 54 is formed by 
using a photosensitive polyimide resin having a 
glass transition temperature. It is optional to use 

75 the same polyamide resin for any of the other 
polyimide layers. Examples of commercial 
polyimides of this type are PL-1200 of Hitachi 
Kasei Inudstrial Co., PI-2702D of DuPont Japan, 
Ltd., PHOTONYSE of Toray Co. and PIMEL of 

20 Asahi Kasei Industrial Co. 

At next step (e) shown in Fig. 3(E) the via holes 
55 in Fig. 3(D) are filled with gold, and the metal 
bumps 52 are formed on the surface of the 
polyimide layer 54 at the locations of the respec- 

25 tive via holes 55 by first making patterning by 
photolithography using a photoresist, then elec- 
troplating the patterned areas with nickel to a thick- 
ness of about 10 urn and then electroplating the 
nickel plated areas with gold to a thickness of 

30 about 3 urn. The nickel plating is for the purpose of 
preventing diffusion of the gold-tin solder 
(described hereinafter) used as the solder pools 40 
in Fig. 1 into the gold wiring layer 562. 

The product of the above process, steps (a) to 

35 (e), is a temporary block 50' having three layers of 
wiring on the aluminum plate 78. A number of 
temporary blocks 50' are produced by the same 
process, and the obtained blocks 50' are subjected 
to electrical inspection to exclude defective blocks 

40 and use only acceptable blocks 50' in the subse- 
quent assembling operations. 

The base block 10 is formed by the process 
illustrated in Figs. 4(A) to 4(G). At the initial step (a) 
shown in Fig. 4(A) the interconnecting and ground- 

45 ing wiring layer 18 is formed on the top surface of 
the ceramic substrate 12 provided with the input- 
output terminal pins 14 and the interconnection 
conductors 16 by the substeps of forming a wiring 
pattern by a photolithography technique using a 

so photoresist, electroplating the pattern with gold and 
removing the photoresist film. At next step (b) 
shown in Fig. 4(B) the wiring layer 18 is overlaid 
with the polyimide layer 20 having a plurality of via 
holes 21 at predetermined locations. The polyimide 

55 layer 20 with the via holes 21 is formed by apply- 
ing a photosensitive polyimide varnish which is a 
precursor of the polyimide to the ceramic substrate 
12, removing the varnish layer in the areas of the 
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respective via holes 21 by exposure to actinic light 
with masking and subsequent development and 
then curing the varnish layer. 

At next step (c) illustrated in Fig. 4(C) the via 
holes 21 in Fig. 3(B) are filled with gold to provide 
the interlayer conductors 24, and the signaling wir- 
ing layer 22 is formed on the polyimide layer 20 by 
the same method as in the step (a). Then the 
wiring layer 22 is overlaid with the polyimide layer 
26 having via holes 27 by the same method as in 
the step (b), and the signaling wiring layer 28 is 
formed on the polyimide layer 26 together with the 
interlaminar conductors 30 in the via holes 27 by 
the same method as in the step (a). 

At next step (d) shown in Fig. 4(D) the wiring 
layer 28 is overlaid with the polyimide layer 32 
having a plurality of via holes 33 by the same 
method as in the step (b). At next step (e) shown in 
Fig. 4(E) the via holes 33 in Fig. 4(D) are filled with 
gold to provide the interlaminar conductors 36, and 
the interconnecting and grounding wiring layer 34 
are formed on the polyimide layer 32 by the same 
method as in the step (a). 

At next step (f) shown in Fig. 4(F) the wiring 
layer 34 is overlaid with the polyimide layer 38 
having a plurality of via holes 39 by the same 
method as in the step (b). This polyimide layer 38 
is formed by using a photosensitive polyimide resin 
having a glass transition temperature. It is optional 
to use the same polyimide resin for the precedin- 
gly formed polyimide layers. 

At next step (g) illustrated in Fig. 4(G) the 
solder pools 40 are produced by using the via 
holes 39 in the polyimide layer 38 and by the steps 
of making patterning by photolithography using a 
photoresist, electroplating the patterned areas with 
nickel to a thickness of about 3 am and then 
alternating tin plating and gold plating, both by 
electroplating, so as to form a multilayer plating on 
the nickel plating. In the subsequent operation for 
heat bonding the block 10 to the base block 50 the 
gold-and-tin multilayer plating melts into a gold-tin 
alloy solder. The thickness ratio of the gold plating 
to the tin plating is 10:7 so that the weight ratio of 
gold to tin becomes 4:1. The multilayer plating 
consists of six layers of gold plating each of which 
is 1 um in thickness and six layers of tin plating 
each of which is 0.7 um in thickness. That is, the 
whole thickness of the multilayer plating reaches 
10.2 um, which becomes the effective depth of the 
gold-tin solder pools 40. By this operation the 
production of the base block 10 is completed. 

A suitable number of base blocks 10 are pro- 
duced by the same process, and the obtained 
blocks 10 are subjected to electrical inspection to 
use only good blocks 10 in the subsequent assem- 
bling operations. 

Figs. 5(A) to 5(C) illustrate the process (in 



Example 1) of assembling a multilayer wiring board 
of the type shown in Fig. 1 from one base block 10 
and a plurality of temporary blocks 50'. 

Referring to Fig. 5(A), at first a first temporary 

s block 50' is placed the aluminum plate 78 up on 
the base block 10 after making alignment so as to 
bring the metal bumps 52 of the block 50' into 
alignment with the solder pools 40 in the base 
block 10, respectively. Then the two blocks 10, 50' 

io are heated to a temperature above the glass transi- 
tion temperatuer of the polyimide of the top layer 
38 of the block 1 0 and the layer 54 of the block 50' 
while a pressure is applied so as to press the two 
blocks 10, 50' against each other. By this operation 

75 the two polyimide layers 38 and 54 adhere to each 
other so that the two blocks 10, 50" bond to each 
other. Simultaneously each of the bumps 52 in- 
trudes into and bonds to the opposite solder pool 
42 since the gold-and-tin multilayer plating that 

20 constitutes the solder pools 40 melts and turns into 
an alloy solder of gold and tin. Consequently the 
two blocks 10 and 50' are fixed to each other and 
electrically connected to each other. In this exam- 
ple the heating and pressing operation is per- 

25 formed by using a vacuum press apparatus of 
autoclave type and nitrogen gas as the pressurizing 
gas. In the apparatus the provisional assembly of 
the two blocks 10, 50' is placed on a platen and 
sealed up in a bag of a plastic film, and the interior 

30 of the bag is evacuated to reduce the interior 
pressure to 10 Torr or below. In the vacuum press 
apparatus the nitrogen gas pressure is maintained 
at about 3 kg/cm 2 while the temperature of the 
blocks 10, 50* is raised up to about 250°C, and 

35 then the gas pressure is raised to about 14 kg/cm 2 
while the temperature is raised from about 250°C 
up to about 350°C. 

Referring to Fig. 5(B), at the next step the 
aluminum plate 78 is removed from the assembly 

40 of the two blocks 10 and 50* by immersing the 
assembly in 16% aqueous solution of hydrochloric 
acid thereby dissolving the aluminum plate. As the 
result the wiring layer 72 of the block 50' is ex- 
posed. After washing and drying, the exposed wir- 

45 ing layer 72 is overlaid with a layer 76 of a pho- 
tosensitive polyimide having a glass transition tem- 
perature. A plurality of via holes 77 are formed in 
this polyimide layer 76 at predetermined locations 
by an exposure and development process, and 

so thereafter the polyimide layer 76 is cured. Then the 
via holes 77 are used to form solder pools 40 by 
making multilayer plating of gold and tin. By these 
operations the temporary block 50* in Fig. 5(A) 
turns into one of the blocks 50 in the multilayer 

55 wiring board of Fig. 1. (As noted hereinbefore, in 
Figs. 5(A) to 5(C) the polyimide layer 58 and the 
wiring layer 56 are omitted.) 

The assembly 84 of the blocks 10 and 50 
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shown in Fig. 5(B) is a multilayer wiring board. 
When it is intended to produce a multilayer wiring 
board having a larger number of wiring layers, the 
operations described with reference to Figs. 5(A) 
and 5(B) are repeated by using another or addi- 
tional temporary block(s) 50' until the intended 
number of wiring layers are incorporated into the 
multilayer board. 

Referring to Fig. 5(C), at the final step the 
electrode pads 80 shown in Fig. 1 are formed on 
the top surface of the uppermost block 50. These 
pads 80 are for mounting chip carriers (not shown) 
in each of which a LSI chip is sealed up on the 
multilayer wiring board by soldering the bumps of 
the respective chip carriers to the pads 80. To use 
a tin-lead solder in the soldering operation the pads 
80 are formed by copper plating which is compati- 
ble with tin-lead eutectic solder. The pads 80 are 
formed by first forming a polyimide layer 76 having 
via holes 77 substantially in the same manner as 
the formation of the polyimide layer 76 with via 
holes 77 in Fig. 5(B) and then, instead of forming 
the solder pools 40 in Fig. 5(B), making copper 
plating to produce interconnection conductors 82 in 
the via holes 79 and build up the copper pads 80. 
By this operation the production of a multilayer 
wiring board of the type shown in Fig. 1 is com- 
pleted. 

In this example gold is used as the wiring 
metal, but this is not limitative. It is also possible to 
use a different metal relatively low in resistivity, 
such as copper. 

In Example 1 the gold-tin solder pools 40 are 
formed by multilayer plating of gold and tin, and 
the metal bumps 52 is formed by gold plating on 
nickel plating. That is, the solder pools 40 are 
formed by multilayer plating of two kinds of ele- 
mental metals which are the constituents of the 
solder, and the bumps 52 contain one of the con- 
stituents of the solder used in the pools 40. Such 
combination is favorable for sure and stable con- 
nection of the respective bumps 52 to the solder 
pools 40. 

In assembling the base block 10 and the tem- 
porary block 50' by the operations described 
hereinbefore with reference to Fig. 5(A), the gold- 
tin multilayer plating (40) melts at a temperature of 
about 280°C and turns into a gold-tin alloy solder. 
Then the gold bumps 52 intrude into the pools 40 
of the molten gold-tin alloy solder, and some gold 
of the bumps 52 fuses and diffuses into the gold-tin 
alloy whereby the content of gold in the gold-tin 
alloy solder slightly increases. After that the solder 
solidifies as the temperature lowers after comple- 
tion of the heating and pressurizing operation, and 
consequently the respective bumps 52 are fixed to 
and electrically connected to the solidified solder 
pools 40. Since the content of gold has increased 



the melting point of the solidified gold-tin solder 
(40) becomes considerably higher than the melting 
point (about 280°C) of the initial gold-tin solder. It 
has been confirmed by DSC analysis that the melt- 

5 ing point of the gold-tin solder (40) solidified in the 
assembly shown in Fig. 5(A) is higher than 600°C. 
Therefore, at the stage of bonding another block 
50' to the assembly of the blocks 10 and 50 the 
heating to about 350°C does not cause melting of 

70 the previously melted and solidified solder pools 
40, so that the previously established electrical 
connection between the blocks 10 and 50 does not 
break or loose. 

75 EXAMPLE 2 

This example is fundamentally similar to Exam- 
ple 1, but there is a difference in the means for 
electrical connection between two adjacent blocks. 

20 Besides, there are some changes in materials. 

A photosensitive polyimide resin having a glass 
transition temperature of about 270°C is used for 
the insulating layers of each block 10, 50. In every 
block each wiring layer is formed by multilayer 

25 plating of copper and nickel. The total thickness of 
copper plating is 6.5 urn, and the total thickness of 
nickel plating is 0.5 um. Nickel plating is employed 
as a barrier metal to prevent direct contanct of the 
copper plating with the polyimide layers because 

30 the photo-sensitive polyimide used in this example 
is liable to react with metallic copper. 

In producing each of the temporary blocks 50', 
the steps (a) to (d) in Example 1 illustrated in Figs. 
3(A) to 3(D) are unchanged. Referring to Fig. 6, at 

35 the next step (e) a plurality of tin-lead solder pools 
40A are formed in the polyimide layer 54 by using 
the via holes 55 formed at the step (d). The tin-lead 
solder pools 40A are formed by electroplating after 
patterning by photolithography using a photoresist. 

40 The thickness of the tin -lead solder plating, viz. 
depth of the solder pools 40A, is 10 urn. 

In producing the base block 10, the steps (a) to 
(f) in Example 1 illustrated in Figs. 4(A) to 4(F) are 
unchanged. Referring to Rg. 7, at the final step (g) 

45 a plurality of copper bumps 52A are formed on the 
surface of the polyimide layer 38 at the locations of 
the via holes 39 formed in the step (f). The bumps 
52A are formed by electroplating after patterning 
by photolithography using a photoresist. The thick- 

50 ness of each copper bump 52A is 15 urn. 

As shown in Figs. 8(A) to 8(C), the assembling 
operations are similar to the operations in Example 
1 illustrated in Figs. 5(A) to 5(C), though in this 
example a block (50') having solder pools 40A in 

55 the bottom surface is placed on a block (10 or 50') 
having metal bumps 52A on the top surface. 

EXAMPLE 3 
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This example is a modification of Example 1 in 
respect of the means for mechanically fixing two 
adjacent blocks. In this example, a photosensitive 
polyimide resin which is low in thermal expansion 
coefficient and does not have a glass transition 
temperature, e.g. TL(E)X1 of Asahi Kasei Industrial 
Co., is used for every polyimide layer in each 
block. 

In producing each of the temporary blocks 50', 
the steps (a) to (e) in Example 1 illustrated in Figs. 
3(A) to 3(E) are unchanged. 

Referring to Fig. 9, a varnish of a thermosetting 
maleimide resin is applied to the top surface of the 
temporary block 50" so as to entirely cover the 
exposed surface of the polyimide layer 54 and the 
metal bumps 52, and the varnish is dried in an 
oven of the hot-air circulation type thereby to form 
a maleimide layer 88. Then the maleimide layer 88 
is selectively removed only in the areas of the 
metal bumps 52 by the following process. First a 
copper film (not shown) having a thickness of about 
0.5 urn is formed over the maleimide layer 88 
except the areas of the bumps 52 by a lift-off 
process including a photolithography step using a 
photoresist and a sputtering step to deposit copper. 
Then the maleimide layer exposed in the areas of 
the bumps 52 is removed by plasma etching using 
oxygen gas thereby to expose the bumps 52. After 
that the copper film is removed by a wet etching 
method. 

The base block 10 is produced in the same 
manner as in Example 1 except that the solder 
pools 40 are formed by using a lead-bismuth sol- 
der. The solder is filled into the via holes 51 by an 
inlaying printing method after making a photoresist 
mask on the polyimide layer 38. 

Referring to Fig. 10(A), a first temporary block 
50' having the maleimide layer 88 is placed the 
aluminum plate 78 up on the base block 10 after 
making alignment so as to bring the metal bumps 
52 of the block 50' into alignment with the solder 
pools 40 in the base block 10, respectively. Then 
the two blocks 10, 50' are heated to the flow 
temperatuer of the maleimide resin 88 while a 
pressure is applied so as to press the two blocks 
10, 50* against each other. Since the melted mal- 
eimide resin 88 functions as an adhesive the two 
blocks 10 and 50' are bonded to each other. Si- 
multaneously each of the bumps 52 intrudes into 
and bonds to the opposite solder pool 42 since the 
lead-bismuth solder melts by the heating. Con- 
sequently the two blocks 10 and 50' are fixed to 
each other and electrically connected to each oth- 
er. The heating and pressurizing operation is per- 
formed by using a vacuum press apparatus of 
autoclave type and nitrogen gas as the pressurizing 
gas. The operation is generally as described in 
Example 1 . In this example the nitrogen gas pres- 



sure in the apparatus is maintained at about 3 
kg/cm 2 while the temperature is raised up to about 
130°C, and then the gas pressure is raised to about 
14 kg/cm 2 while the temperature is raised from 

s about 130°C to about 180°C. 

At the next step the aluminum plate 78 is 
removed from the assembly 84 of the two blocks 
10 and 50', and a predetermined number of addi- 
tional blocks (50) are mounted on this assembly 

10 84. Finally, as shown in Fig. 10(B), 'the electrode 
pads 80 are formed on the top surface of the 
uppermost block 50. These operations are the 
same as in Example 1 . 

76 EXAMPLE 4 

In producing a multilayer wiring board of the 
shown in Fig. 1, a thermoplastic copolymer of 
tetrafluoroethylene and perfluoroalkylvinyl ether 

20 (the copolymer is referred to as PFA) is used as an 
adhesive to bond the two ajacent blocks to each 
other. A photosensitive polyimide resin which is low 
in thermal expansion coefficient and does not have 
a glass transition temperature is used tor every 

25 insulating layer in each block. 

The temporary blocks 50' are produced by the 
same process as in Example 2. 

Referring to Fig. 11, for each temporary block 
50' a film 90 of PFA is precedingly processed so 

30 as to form a plurality of openings 91 which are 
arranged in conformity with the tin-lead solder 
pools 40A in the top surface of the block 50'. After 
alignment the PFA film 90 is placed on the block 
50' and provisionally bonded to the top surface of 

35 the block 50' by heat pressing at about 100°C. As 
the result, the solder pools 40A are left exposed 
respectively by the openings 91 of the PFA film 90. 

The base block 10 is produced by the same 
process as in Example 2. 

40 Referring to Fig. 12, the base block 10 and a 
first temporary block 50* having the PFA film 90 
are assembled together by fundamentally the same 
method as in Example 2 by using a vacuum press 
apparatus of autoclave type. In this example, in the 

46 apparatus the nitrogen gas pressure is maintained 
at about 3 kg/cm 2 while the temperature is raised 
to about 130°C, and thereafter the gas pressure is 
maintained at about 14 kg/cm 2 while the tempera- 
ture is raised from about 130°C to the flow tem- 

60 perature of PFA, viz. about 180°C. 

The subsequent operations for completing the 
multi-layer wiring board are the same as in Exam- 
ple 2. 

In Examples 3 and 4 the adhesive film (88 or 
55 90) is provided to only one of the two adjacent 
blocks. However, when the polyimide surfaces of 
the two blocks have relatively large undulations it is 
better to overlay the polyimide surface of each 
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block with the adhesive film so that the two adhe- 
sive films come into contact with each other for the 
purpose of reducing the unfavorable influence of 
undulations in the contacting surfaces on the 
ahesive bonding. 

EXAMPLE 5 

This example is generally similar to Example 1. 
However, in this example the solder pools 40 in 
Example 1 are changed to pools of a dispersion of 
gold in a polyimide resin. 

In producing the temporary blocks 50' by the 
process described in Example 1, the final step (e) 
for forming the bumps 52 is slightly modified. That 
is, the bumps 52 are formed by electroplating of 
gold to a thickness of 10 urn. Nickel plating is 
omitted since this example does not use gold-tin 
solder to form the pools 40. 

In producing the base block 10 by the process 
described in Example 1 , the via holes 39 shown in 
Fig. 4(F) are filled with a gold-polyimide paste 
which contains 80-95 wt% of gold powder and has 
a viscosity of 80-120 kcp at room temperature. A 
conductive composite material obtained by solidify- 
ing the gold-polyimide paste has a sheet resistivity 
of 25-30 mil/square. To form gold-polyimide pools 
corresponding to the solder pools 40 shown in Fig. 
4(G) the gold-polyimide paste is applied by an 
inlaying printing method after making a photoresist 
mask by photolithography. 

The base block 10 having the gold-polyimide 
pools (40) and a first temporary block 50' are 
assembled together by the same method as in 
Example 1 by using a vacuum press apparatus of 
autoclave type. 

The subsequent operations for completing the 
multi-layer wiring board are the same as in Exam- 
ple 1 except that after removing the aluminum 
plate 78 of each block 50' gold-polyimide pools are 
formed in the polyimide layer 76 shown in Fig. 5{B) 
instead of the solder pools 40 in Example 1 . 

Also it is possible to modify Example 2 by 
changing the solder pools 40A in the temporary 
block 50' shown in Fig. 6 to gold-polyimide pools, 
or to modify either Example 3 (use of the mal- 
eimide film 88) or Example 4 (use of the PFA film 
90) by changing the solder pools 40 in Fig. 10(A) 
or Fig. 11 to gold-polyimide pools. 

The use of a dispersion of gold in polyimide is 
not limitative. It is also possible to use a dispersion 
of a different metal which is sufficiently high in 
coductivity in polyimide. For example, the metal 
may be copper, silver, palladium or silver-palladium 
alloy. It is rather preferable to use a dispersion of a 
noble metal in polyimide in view of resistance to 
corrosion or oxidation, but copper also is a prac- 
ticable metal. For example, when copper is em- 



ployed as the wiring metal as in Example 2 or 
Example 4, a dispersion of copper powder in an 
aromatic polyimide varnish may be used to form 
copper-polyimide pools corresponding to the solder 
5 pools 40A in Fig. 6 or the solder pools 40 in Fig. 
10(A). 

In the foregoing examples the electrical con- 
nection between two adjacent blocks is made by 
using metal bumps on one block and solder (or 
w metal-polyimide) pools in the opposite block. Also 
it is possible to employ a bump-to-bump connec- 
tion method as is illustrated by the following exam- 
ple. 

15 EXAMPLE 6 

Fig. 13 shows a multilayer wiring board which 
is almost identical with that shown in Fig. 1 . How- 
ever, in this multilayer wiring board two adjacent 

20 blocks are electrically connected to each other by 
joining a plurality of solder bumps 52 on one block 
to a plurality of solder bumps 52A on the opposite 
block, respectively. This multilayer wiring board is 
produced by the following process. 

25 Fig. 14 shows a temporary block 50' which is . 

produced by substantially the same process as in 
Example 1. In this example the metal bumps 52 on 
the block 50' are formed of a multilayer plating of 
gold and tin. In advance electroplating of nickel is 

30 made to a thickness of about 3 urn. The multilayer 
plating is made by electroplating. The thickness 
ratio of gold plating to tin plating is 10:7 so that the 
weight ratio of gold to tin becomes 4:1. The mul- 
tilayer plating consists of six layers of gold plating 

35 and each of which is 1 nm in thickness and six 
layers of tin plating each of which is 0.7 urn in 
thickness. That is, the whole thickness of the mul- 
tilayer plating reaches 10.2 urn. In the subsequent 
operation for heat bonding of two blocks the mul- 

40 tilayer plating melts into a gold-tin alloy solder. 
Each of the bumps 52 has an area of 50-500 m 
square. 

Fig. 15 shows a base block 10 which is pro- 
duced by substantially the same process as in 

45 Example 2. In this example the wiring metal is 
gold, and the metal bumps 52A on the base block 
10 are formed by the above described gold-and-tin 
multilayer plating operation. 

Referring to Fig. 16(A), the temporary block 50' 

so of Fig. 14 is placed on the base block 10 of Fig. 15 
so as to align the bumps 52 of the block 50' to the 
bumps 52A of the blcok 10. Then heat and pres- 
sure are applied by using the vacuum press ap- 
paratus described in Example 1. The heating and 

55 pressurising conditions are the same as in Example 
1. By this operation the two blocks 10 and 50' 
mechanically bond to each other by adhesion of 
the softened polyimide (having a glass transition 
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temperature of about 270°C) used in the two 
blocks. Simultanesously the gold-and-tin multilayer 
plating that forms the bumps 52, 52A of the re- 
spective blocks melts and turns into a gold-tin alloy 
solder, so that the respective bumps 52 of the s 
block 50' join with the bumps 52A of the block 10. 
By solidification of the gold-tin solder the two 
blocks 10 and 50" are electrically connected to 
each other. 

Referring to Fig. 16(B), after the above bonding w 
operation the aluminum plate 78 is removed, and a 
polyimide layer 76 having via holes 77 is formed 
on the exposed wiring layer 72 in the same manner 
as in Example 2. Using the via holes 77 new 
bumps 52A are formed on the top surface by the 15 
above described gold-and-tin multilayer plating op- 
eration, and another temporary block (not shown) is 
placed on the assembly of Fig. 16(B) to repeat the 
bonding operation described with reference to Fig. 
16(A). so 

It is a matter of course that the bump-to-bump 
connection method can be employed irrespect of 
the manner of mechanical bonding of two blocks to 
each other. For example, either Example 3 (using a 
thermosetting resin as adhesive) or Example 4 25 
(using a thermoplastic resin as adhesive) can be 
modified so as to employ the bump-to-bump con- 
nection method. When the bonding operation is 
performed at a relatively low temperature it is suit- 
able to use a lead-bismuth alloy solder or a tin- 30 
lead-bismuth alloy solder to form the bumps 52, 
52A, and in such a case the solder bumps may be 
formed by a vacuum evaporation process. 

Needless to mention the ceramic substrate 12 
in Fig. 13 can be replaced by a hard resin sub- 35 
strate. 

As will be understood from the foregoing ex- 
amples, the present invention brings about a great 
decrease in the number of curing operations nec- 
essary for producing a multilayer wiring board us- 40 
ing polyimide as the interlaminar insulation ma- 
terial. In producing a conventional multilayer wiring 
board of the sequential lamination type using 
polyimide as the insulating material it is necessary 
to perform curing operation for forming each 45 
polyimide layer (in other words, for each wiring 
layer), but according to the invention it suffices to 
perform curing operation for bonding one block to 
another block or precedingly bonded blocks. In the 
case of a multilayer wiring board having 12 layers so 
of wiring and 12 insulation layers of polyimide, the 
conventional sequential lamination process needs 
to perform curing operation 12 times. As the curing 
operation is repeated many times thermal stress is 
applied to the polyimide of the already cured lay- 55 
ers whereby the polyimide deteriorates. In the case 
of producing a multilayer wiring board having the 
same number of wiring layers by a method accord- 



ing to the invention using 4 blocks each having 3 
layers of wiring, it suffices to perform curing opera- 
tion 3 times. That is, the necessary number of 
curing operation becomes 1/4 of that in the con- 
ventional process. Furthermore, according to the 
invention the necessary number of curing operation 
is determined by the total number of blocks ir- 
respective of the number of wiring layers in each 
block, so that the advantage of the invention further 
augments when the number of wiring layers in 
each block is increased. 

Also it is an important merit of the invention 
that the proportion or yield of acceptable products 
is remarkably enhanced. In the conventional se- 
quential lamination process, when a defect occurs 
at any stage the preceding operatins become in 
vain since the semiprocessed board must be aban- 
doned entirely. Therefore, the yield of acceptable 
products seriously lowers as the number of wiring 
layers is increased. In the present invention it is 
possible to make electrical inspection of each block 
prior to the assembling operations, and hence the 
yield of acceptable products does not significantly 
lower even though the total number of wiring layers 
is increased. 

For convenience, in producing a multilayer wir- 
ing board having 12 layers of wiring it is assumed 
that the yield of good products in forming one layer 
of wiring is 95% in either the conventional sequen- 
tial lamination process or the process according to 
the invention, and that in the process according to 
the invention (dividing the multilayer board into 4 
blocks each having 3 layers of wiring) the yield of 
good products in bonding a block to another block 
is 95%. 

In the conventional process: 
ultimate yield = (0.95) 12 = 0.54 ( = 54%) 

In the present invention: 
yield of block producing operations = (0.95) 3 = 
0.86 

yield of block bonding operations = (0.95) 3 = 0.86 
ultimate yield = 0.86 x 0.86 = 0.74 (= 74%) 
The advantage of the invention further augments 
when the number of wiring layers in each block is 
increased. 

Besides, the method according to the invention 
is far better in productivity. By the conventional 
sequential laminating process the length of time 
necessary for producing a multilayer wiring board 
increases in proportion to the number of wiring 
layers. By the present invention the necessary 
length of time can greatly be reduced since a 
plurarity of blocks that constitute the multilayer 
board can be produced simultaneously. 

For convenience, in producing a multilayer wir- 
ing board having 12 wiring layers and 12 polyimide 
insulation layers it is assumed that it takes 1 day to 
form either one wiring layer or one insulation layer 
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and that in the present invention it takes 1 day to 
bond one block to another block(s). 
By the conventional process it takes 24 days to 
produce the multilayer wiring board by alternately 
and sequentially forming 12 wiring layers and 12 
insulation layers. 

By the invention (dividing the multilayer board into 
4 blocks each having 3 wiring layers and 3 insula- 
tion layers) it takes only 9 days to produce the 
multilayer wiring board since 6 days are necessary 
for producing 4 blocks simultaneously and addi- 
tional 3 days for uniting the 4 blocks. 

In this regard too, the advantage of the inven- 
tion further augments when the number of wiring 
layers in each block is increased. 

As to the means to mechanically and elec- 
trically join the blocks in a multilayer wiring board 
according to the invention, another option is to use 
an anisotropically conductive film which is a film of 
a thermosetting resin containing fine particles of a 
metal having good electrical conductivity. 

Fig. 17 shows a multilayer wiring board in 
which an anisotropically conductive film 94 is inter- 
posed between two adjacent blocks (10 and 50, 50 
and 50). The base block 10 has a plurality of metal 
bumps 52A on the top side. Each of the blocks 50 
has a plurarity of metal bumps 52 on the bottom 
side and a plurality of metal bumps 52A on the top 
side. In this multilayer board each block is me- 
chanically bonded to the adjacent block(s) by the 
adhesive power of the anisotropically conductive 
film 94. In the bonding operation the film 94 is 
strongly compressed in each area between any of 
the metal bumps 52 and the opposite metal bump 
52A so that in the film 04 in that area the conduc- 
tive metal particles are squashed and forced to 
make very good contact with each other. Therefore, 
the film 94 becomes a good conductor in the area 
between each metal bump 52 and the opposite 
metal bump 52A. In the remaining areas the metal 
particles in the film 94 do not make good contact 
with other, so that the film 94 is not conductive 
width ways. 

For example, the anisotropically conductive 
film 94 has a thicknesss of 20-30 urn and contains 
5-20 vol% of conductive metal particles which are 
5-25 urn in particle diameter. An example of com- 
mercially available anisotropically conductive films 
is SUMIZAC 1003 of Sumitomo Bakelite Co. 

EXAMPLE 7 

Referring to Fig. 18(A), the base block 10 of 
the multilayer wiring board shown in Fig. 17 is 
produced by substantially the same process as in 
Example 2. Gold is used as the wiring metal, and 
the bumps 52A on the top polyimide layer 38 is 
formed by multilayer plating of nickel and gold. An 



anisotropically conductive film 94 containing tine 
particles of gold-tin alloy is cut into a piece in 
corformity with the surface area of the block 10, 
and one side of the film 94 is laminated with a 
5 carrier film 96 which is a polyester film having a 
thickness of 50-100 urn. Together with the carrier 
film 96 the anisotropically conductive film 94 is 
placed on the top surface of the block 10 and 
provisionally bonded to the block 10 by applying a 

10 compressive pressure of 3-5 kg/cm 2 for 2-3 sec at 
a temperature of about l35°Cunder reduced pres- 
sure of 10 Torr or below by using a vacuum 
hydraulic press. 

Referring to Fig. 18(B), the carrier film 96 is 

is removed from the anisotropically conductive film 
94 on the base block 10. Then a temporary block 
50' having metal bumps 52 is placed on the base 
plate 10 covered with the film 94 so as to align the 
bumps 52 of the block 50* with the bumps 52A of 

20 the base block 10, respectively. The temporary 
block 50' is produced by the same process as in 
Example 1. The bumps 52 are formed by mul- 
tilayer plating of nickel and gold. Then the block 
50' is bonded to the block 10 by applying a com- 

25 pressive pressure of 30-40 kg/cm 2 at a temperature 
of 150-160°C for 20-30 sec under reduced pres- 
sure of 10 Torr or below by using the vacuum 
hydraulic press. After that the aluminum plate 78 of 
the temporary block 50' is removed in the same 

30 manner as in the foregoing examples. Then, sub- 
stantially in the same manner as in Example 2 the 
exposed top surface of the block 50 (formerly 
temporary block 50') is overlaid with a polyimide 
layer having a plurality of via holes, and new metal 

35 bumps (gold and nickel multilayer plating) are 
formed by using these via holes. 

Referring to Fig. 18(C), as the result of the heat 
pressing operation the block 50 (formerly tempo- 
rary block 50') is firmly bonded to the base block 

40 10 with the anisotropically conductive film 94, and 
the film 94 provides good electrical connection 
between each metal bump 52 of the block 50 and 
the opposite metal bump 52A of the base block 10. 
Width ways the resistivity of the film 94 is still 

45 above 10 9 ohms, so that any metal bump 52, 52A 
of either block 10, 50 is not short-circuited with 
another bump of the same block. The bonding 
operation described with reference to Fig. 18(B) is 
repeated until an intended number of blocks are 

so assembled into the multilayer wiring board, and 
finally the terminal pads 80 are formed. 

EXAMPLE 8 

55 This example relates to a minor modification of 
Example 6 mainly in respect of the particulars of 
the electrical joints between two adjacent blocks. 
Referring to Fig. 19(A), the base block 10 is 



11 



21 



EP 0 494 668 A2 



22 



similar to that in Example 7 except that each wiring 
layer is formed by copper plating which is overlaid 
with nickel plating in the same manner as in Exam- 
ple 2 and that the metal bumps 52A are formed by 
electroplating of cupper to a thickness of 60 urn. In 
this example the anisotropically conductive film 94 
contains fine particles of indium-lead alloy. 

The temporary block 50' is produced by sub- 
stantilly the same process as in Example 2. The 
wiring layers are formed by copper plating which is 
overlaid with nickel plating. In this example, the 
temporary block 50* is not provided with metal 
bumps. That is, the via holes 57 in the polyimide 
surface layer 54 are left open to locally expose the 
wiring layer 62 in areas corresponding to the metal 
bumps 52A of the base block 10. Each via hole 57 
has an area in conformity with the cross-sectional 
area of each bump 52A of the block 10. After 
provisionally bonding the anisotropic conductive 
film 94 to the base block 10 the temporary block 
50' is bonded to the base block 10 by the same 
heat pressing operation as in Example 7. 

Referring to Fig. 19(B), as the result of the heat 
pressing operation each of the metal bumps 52A of 
the base block 10 squeezes the anisotropically 
conductive film 94 and intrudes into the opposite 
via hole 57 of the block 50. Therefore, in each via 
hole 57 the conductive alloy particles in the film 94 
are squashed to make good contact with each 
other, so that good electrical connection is estab- 
lished between each bump 52A of the block 10 and 
the wiring layer 62 of the adjacent block 50'. 

In this invention each of the temporary blocks 
50' has a temporary substrate, viz. the aluminum 
plate 78 used in the foregoing example, and the 
temporary substrate has to be removed in the 
course of assembling the blocks into a multilayer 
wiring board. In the foregoing examples the tem- 
porary substrate 78 of aluminuum is removed by 
an acid treatment. However, there is a possibility 
that the wiring layers in the semiprocessed wiring 
board is influenced by the acid solution or an 
alternative liquid used to dissolve the temporary 
substrate. This problem can be solved by the fol- 
lowing techinique. 

For each of the temporary blocks 50' a sub- 
strate having a surface area slightly larger than the 
surface area of the aimed block 50 is used. By 
using an auxiliary means, the wiring layers and 
polyimide insulation layers of the temporary block 
50' are formed on the temporary substrate such 
that only a peripheral region of the temporary sub- 
strate strongly adheres to the bottom of the mul- 
tilayer structure of the wiring and insulating layers. 
That is, in the remaining major area the temporary 
substrate does not adhere to the multilayer struc- 
ture or only very weakly adheres to the multilayer 
structure. After bonding the temporary block to the 



base block 10 or an assembly of precedingly bon- 
ded blocks, the peripheral region of the temporary 
substrate is cut away by machining together with 
the auxiliary means, and thereafter the remaining 

5 major portion of the temporary substrate is peeld 
away from the bottom layer of the multilayer struc- 
ture of the temporary block. The material of the 
temporary substrate is, for example, aluminum, sili- 
con or alumina. The following examples illustrate 

10 the details of this technique. 

EXAMPLE 9 

Figs. 20(A) to 20(G) illustrate a process of 

75 producing a temporary block 50' using a flat plate 
100 of aluminum as the temporary substrate. The 
aluminum plate 100 has a surface area slightly 
larger than the surface area of the principal part of 
the block 50*. Referring to Fig. 20(A), a polyimide 

so layer 102 is formed on one side of the aluminum 
substrate 100 so as to leave a peripheral region 
100a of the substrate 100 exposed. The surface 
area of the polyimide layer 102 conforms with the 
surface area of the principal part of the block 50'. 

25 The polyimide is low in thermal expansion coeffi- 
cient and does not have a glass transition tempera- 
ture, and this polyimide adheres to the aluminum 
substrate fairly strongly. Using the same polyimide, 
another polyimide layer 104 shown in Fig. 20(B) is 

30 formed so as to entirely cover the polyimide layer 
102 and also the peripheral region 100a of the 
aluminum substrate 100. Next, as shown in Fig. 20- 
(C), a grounding and interconnecting wiring layer 
72 is formed on the polyimide layer 104 by gold 

35 plating. After that, as shown in Figs. 20(D) to 20(F), 
polyimide layers 70, 64, 54 and wiring layers 66, 
62 are alternately formed by the already described 
process by using gold as the wiring metal and a 
photosensitive polyimide having a glass transition 
40 temperature as the insulator material. At the final 
step shown in Fig. 20(G), gold bumps 52 are 
formed on the top polyimide layer 54 by using the 
via holes 55 in this layer 54. 

Fig. 21 shows a base block 10 which is pro- 
45 duced by the already described process by using 
gold as the wiring metal and a photosensitive 
polyimidB having a glass transition temperature as 
the insulator material. The top polyimide layer 38 
has via holes 37, and in each of these via holes 37 
so the wiring layer 34 is exposed in the shape of a 
bump. 

Figs. 22(A) to 22(H) illustrate the subsequent 
assembling operations. As shown in Fig. 22(A) the 
temporary block 50' is placed on the base block 10 
55 and bonded to the base block 50* by the heat 
pressing operation described in Example 1. Next, 
as shown in Figs. 22(B) and 22(C), with a dicing 
saw 110 the peripheral region 100a of the tem- 
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porary substrate 100 is cut away together with the 
peripheral region of the polyimide layer 104. Refer- 
ring to Fig. 22{D), the polyimide layer 102 makes 
good adhesion to the aluminum substrate 100 but 
does not well adhere to the polyimide layer 104. 
Therefore, the lamination of the aluminum substrate 
100 and the polyimide layer 102 can easily be 
peeled away from the polyimide layer 104. After 
removing the aluminum substrate 100 together with 
the polyimide layer 102, via holes 105 shown in 
Fig. 22(E) are formed in the exposed polyimide 
layer 104 by a dry etching process, and gold 
bumps 52A shown in Fig. 22{F) are formed by 
using the via holes 105. Next, as shown in Fig. 22- 
(G), another polyimide layer 106 having via holes 
107 are formed such that the gold bumps 52A are 
exposed in the respective via holes 107. After that 
another temporary block 50' is bonded to the as- 
sembly of Fig. 22(G), and the temporary substrate 
100 of this block 50' is removed by the above 
described technique. 

EXAMPLE 10 

Referring to Figs. 23(A) to 23(E), a flat plate 
112 of sapphire (alumina) is used as the temporary 
substrate, and a grounding and interconnecting wir- 
ing layer 72 is formed on the sapphire substrate 
112 by copper plating. Besides, a metal film 114 is 
formed on a peripheral region of the substrate 112 
by a PVD process. For example, the metal is 
selected from Ti, Cr, W, Pt and Pd. Then a 
polyimide layer 70 is formed on the wiring layer 72 
so as to cover the metal film 114 too, and via holes 
71 are formed in the polyimide layer. A photosen- 
sitive polyimide not having a glass transition tem- 
perature is used. After that the already described 
operations are performed to obtain a temporary 
block 50' shown in Fig. 23(E). In this block 50' the 
surface of the polyimide layers 70, 64, 54 is slight- 
ly larger than the specified pattern area and con- 
forms with the surface area of the temporary sub- 
strate 112. The top poyimide layer 54 uses a 
photosensitive polyimide having a glass transition 
temperature. 

Referring to Fig. 24(A), the temporary block 50' 
is bonded to a base block 10 by the heat pressing 
operation described in Example 1. The base block 
10 is produced by the already described process 
using copper as the wiring metal and a photosen- 
sitive polyimide having a glass transition tempera- 
ture as the material of the top layer 38. After that, 
as shown in Figs. 24(B) and 24(C), the peripheral 
region of the sapphire substrate 112 is cutaway by 
the dicing saw 1 10 together with the metal film 114 
and a peripheral region of the polyimide layers of 
the block 50'. Referring to Fig. 24(D), after the 
removal of the metal film 114 the sapphire sub- 



strate 112 can easily be peeld away since the 
substrate does not strongly adhere to the contact- 
ing polyimide layer 70 and wiring layer 72. 

5 EXAMPLE 11 

Referring to Figs. 25(A) to 25(C), a flat plate 
118 of silicon is used as the temporary substrate, 
and a nickel layer 120 having a thickness of 1-2 

10 jim is formed on the silicon substrate 118 by 
electroless plating. The surface area of the nickel 
layer 120 conforms with the surface area of the 
principal part of the block 50', and a pheripheral 
region 118a of the silicon substrate 112 is left 

15 exposed. Then a polyimide layer 104 is formed so 
as to entirely cover the nickel layer 120 and the 
peripheral region 118a of the silicon substrate. The 
polyimide has a glass transition temperature. Then 
a grounding and interconnecting wiring layer 72 is 

20 formed on the polyimide layer 104 by gold plating. 
After that the already described operations are 
performed to obtaind a temporary block 50' shown 
in Fig. 26. 

Referring to Fig. 27(A), the temporary block 50' 
25 is bonded to a base block 10 by the heat pressing 
operation described in Example 1. In the base 
block 10 gold is used as the wiring metal and a 
photosenstive polyimide having a glass transition 
temperature as the insulator material. Referring to 
30 Fig. 27(B), with a dicing saw 110 the peripheral 
region 118a of the silicon substrate 118 of the 
block 50' is cut away together with the peripheral 
region of the polyimide layer 104. After that, as 
shown in Fig. 27(C), the silicon substrate 118 can 
35 easily be peeled away together with the nickel 
layer 120 since the nickel layer 120 does not well 
adhere to the polyimide layer 104. 

Claims 

40 

1. A multilayer wiring board, comprising: 

an electrically insulating substrate; 

a plurality of laminated blocks which are 
laid on top of another on said substrate and 
45 bonded to each other, each of said laminated 

blocks comprising a plurality of wiring layers 
and a plurality of polyimide resin layers in an 
alternately laminated arrangement; 
and 

so connection means for electrically connect- 

ing two adjacently positioned laminated blocks 
to each other. 

2. A multilayer wiring board according to Claim 1 , 
55 wherein said connection means comprises a 

plurality of solder pools formed in one surface 
of one of the two adjacently positioned lami- 
nated blocks and a plurality of metal bumps 
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which are formed on a surface of the other 
laminated block so as to intrude into said plu- 
rality of solder pools, respectively. 

3. A multilayer wiring board according to Claim 2, 5 
wherein said solder pools are formed of mul- 
tilayer plating of a plurality of elemental metals 
which are the constituents of an alloy solder, 
said metal bumps comprising at least one of 
said plurality of elemental metals. 10 

4. A multilayer wiring board according to Claim 3, 
wherein said solder pools are formed of mul- 
tilayer plating of gold and tin, said metal 
bumps comprising gold plating. 15 

5. A multilayer wiring board according to any one 
of Claims 1 to 4, wherein said connection 
means comprises a plurality of conductor 
pools formed in one surface of one of the two 20 
adjacently positioned laminated blocks and a 
plurality of metal bumps formed on a surface 

of the other laminated block so as to intrude 
into said conductor pools, respectively, said 
conductor pools comprising a dispersion of 25 
fine particles of a metal in a polyimide resin. 

6. A multilayer wiring board according to Claim 5, 
wherein said metal in said conductor pools is 
selected from the group consisting of gold, 30 
silver, copper, palladium and silver-palladium 
alloy. 

7. A multilayer wiring board according to any one 

of Claims 1 to 6, wherein said connection 35 
means comprises a plurality of first metal 
bumps which are formed on a surface of one 
of the two adjacently positioned laminated 
blocks and a plurality of second metal bumps 
which are formed on a surface of the other aq 
laminated blocks so as to butt against said first 
metal bumps, respectively. 

8. A multilayer wiring board according to Claim 7, 
wherein either of said first metal bumps and 45 
said second solder bumps are solder bumps. 

9. A multilayer wiring board according to any one 
of Claims 1 to 8, wherein said connection 
means comprises an anisotropically conductive so 
film, which is a resin film comprising fine par- 
ticles of a metal and is interposed between the 

two adjacently positioned laminated blocks, 
and a plurality of metal bumps formed on one 
surface of one of the two adjacently positioned 55 
laminated blocks so as to squeeze said an- 
isotropically conductive film against the other 
laminated block, said other laminated block 



having a plurality of electrical terminals which 
are exposed in the surface facing said an- 
isotropically conductive film at locations op- 
posite to said metal bumps, respectively, the 
two adjacently positioned laminated blocks be- 
ing bonded to each other with said an- 
isotropically conductive film. 

10. A multilayer wiring board according to Claim 9, 
wherein said electrical terminals of said other 
laminated block are in the form of metal 
bumps. 

11. A multilayer wiring board according to Claim 9, 
wherein each of said electrical terminals of 
said other laminated block is exposed in a via 
hole into which said anisotropically conductive 
film is squeezed by one of said metal bumps. 

12. A multilayer wiring board according to any one 
of Claims 1 to 11, wherein at least one of the 
two adjacently positioned laminated blocks 
comprises a polyimide resin which has a glass 
transition temperature and serves as an adhe- 
sive when heated to a temperature above the 
glass transition temperature in the surface fac- 
ing the other laminated block. 

13. A multilayer wiring board according to any one 
of Claims 1 to 12, wherein the two adjacently 
positioned laminated blocks are bonded to 
each other with a thermosetting adhesive resin 
interposed between the two laminated blocks. 

14. A multilayer wiring board according to Claim 
13, wherein said thermosetting adhesive resin 
is a maleimide resin. 

15. A multilayer wiring board according to any one 
of Claims 1 to 14, wherein the two adjacently 
positioned laminated blocks are bonded to 
each other with a thermoplastic adhesive resin 
interposed between the two laminated blocks. 

16. A multilayer wiring board according to Claim 
15, wherein said thermoplastic adhesive resin 
is a copolymer of tetrafluoroethylene and a 
perfluoroalkylvinyl ether. 

17. A method of producing a multilayer wiring 
board, comprising thB steps of: 

(i) making a laminated base block which 
comprises an electrically insulating sub- 
strate, a combination of a plurality of wiring 
layers and a plurality of polyimide resin 
layers in an alternately laminated arrange- 
ment and a plurality of electrical terminals 
exposed in the surface opposite from said 
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substrate; 

(ii) separately making a plurality of lami- 
nated temporary blocks each of which com- 
prises a temporary substrate, a combination 
of a plurality of wiring layers and a plurality 
of polyimide resin layers in an alternately 
laminated arrangement and a plurality of 
electrical terminals on the surface opposite 
from said temporary substrate; 

(iii) bonding one of said temporary blocks to 
said base block such that said electrical 
terminals of the temporary block come into 
alignment with said electrical terminals of 
the base block, respectively, and electrically 
connecting said electrical terminals of the 
temporary block to said electrical terminals 
of the base block, respectively; 

(iv) removing said temporary substrate; 

(v) providing a plurality of electrical termi- 
nals on the surface exposed by the removal 
of said temporary substrate; and 

{vi) bonding another temporary block to the 
laminate obtained by the steps (i) to (v) and 
electrically connecting the electrical termi- 
nals of said another temporary block to the 
electrical terminals provided at the step (v); 
and 

(vii) removing the temporary substrate of 
said another temporary block. 

18. A method according to Claim 17, wherein one 
of (A) said electrical terminals in the step (i) 
and said electrical terminals in the step (v) and 
(B) said electrical terminals in the step (ii) are 
solder pools and the other are metal bumps. 

19. A method according to Claim 18, wherein said 
solder pools are formed of multilayer plating of 
a plurality of elemental metals which are the 
constituents of an alloy solder, said metal 
bumps comprising at least one of said plurality 
of elemental metals. 



metal in said conductor pools is selected from 
the group consisting of gold, silver, copper, 
palladium and silver-palladium alloy. 

s 23. A method according to any one of Claims 17 
to 22, wherein said electrical terminal of said 
base block and said electrical terminals of 
each temporary block are all metal bumps. 

10 24. A method according to Claim 23, wherein ei- 
ther of said electrical terminals in the step (ii) 
and said electrical terminals in the step (v) are 
solder bumps. 

15 25. A mBthod according to any one of Claims 17 
to 24, wherein at least one of (A) said electrical 
terminals in the step (i) and said electrical 
terminals in the step (v) and (B) said electrical 
terminals in the step (ii) are metal bumps, both 

20 the step (iii) and the step (vi) comprising inter- 

posing an anisotropically conductive film, 
which is a resin film comprising fine particles 
of a metal, between the two blocks to be 
bonded to each other such that the an- 

25 isotropically conductive film is squeezed by 

said metal bumps of one of the two blocks 
against the electrical terminals of the other 
block. 

so 26. A method according to any one of Claims 17 
to 25, wherein said surface of each temporary 
block in the step (ii) is formed of a polyimide 
resin which has a glass transition temperature 
and serves as an adhesive when heated to a 

35 temperature above the glass transition tem- 
perature. 

27. A method according to any one of Claims 17 
to 26, wherein both the step (iii) and the step 
40 (vi) comprise interposing a thermosetting adhe- 

sive resin between the two blocks to be bon- 
ded to each other. 



20. A method according to Claim 19, wherein said 
solder pools are formed of multilayer plating of 
gold and tin, said metal bumps comprising 
gold plating. 

21. A method according to any one of Claims 17 
to 20, wherein one of (A) said electrical termi- 
nals in the step (i) and said electrical terminals 
in the step (v) and (B) said electrical terminals 
in the step (ii) are conductor pools and the 
other are metal bumps, said conductor pools 
being formed of a dispersion of fine particles 
of a metal in a polyimide resin. 

22. A method according to Claim 21, wherein said 



28. A method according to Claim 27, wherein said 
45 thermosetting adhesive resin is a maleimide 

resin. 

29. A method according to any one of Claims 17 
to 28, wherein both the step (iii) and the step 

so (vi) comprise interposing a thermoplastic adhe- 

sive resin between the two blocks to be bon- 
ded to each other. 

30. A method according to Claim 29, wherein said 
55 thermoplastic adhesive resin is a copolymer of 

tetrafluoroethylene ane a perfluoroalkylvinyl 
ether. 
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31. A method according to any one of Claims 17 
to 30, wherein said temporary substrate is 
made of alumina, both the step (iv) and the 
step (vii) comprising dissolving the temporary 
substrate in an acid solution. 5 



resin having a glass transition temperature 
formed on said nickel plating layer so as to 
cover said peripheral region of the temporary 
substrate too. 



32. A method according to any one of Claims 17 
to 31, wherein said temporary substrate is 
made larger in surface area than said wiring 
layers in each temporary block, the step (ii) w 
comprising the sub-steps of bonding only a 
peripheral region of the temporary substrate to 

the bottom layer of said combination with a 
polyimide resin and providing the temporary 
substrate with an adhesion restricting means 15 
for preventing the remaining major region of 
the temporary substrate from firmly adhering 
to said bottom layer, both the step (iv) and the 
step (vii) comprising the sub-steps of cutting 
away said peripheral region of the temporary so 
substrate together with the polyimide resin ad- 
hering to said peripheral region and peeling 
the remaining major region of the temporary 
substrate. 

25 

33. A method according to Claim 32, wherein said 
adhesion restricting means comprises a first 
polyimide layer of a polyimide resin not having 
a glass transition temperature formed on the 
temporary substrate so as to leave only said 30 
peripheral region exposed and a second 
polyimide layer of a polyimide resin not having 

a glass transition temperature formed on said 
first polyimide layer so as to cover said periph- 
eral region of the temporary substrate too. 35 

34. A method according to Claim 33, wherein the 
material of said temporary substrate is se- 
lected from the group consisting of aluminum, 
silicon and alumina. 40 



35. A method according to Claim 32, 33 or 34, 
wherein said temporary substrate is an alumina 
substrate, said adhesion restricting means 
comprising a thin film of a metal selected from 45 
the group consisting of titanium, chromium, 
tungsten, platinum and palladium deposited on 
only said peripheral region of the temporary 
substrate. 

50 

36. A method according to any one of Claims 32 
to 35, wherein the material of said temporary 
substrate is selected from the group consisting 
of aluminum, silicon and alumina, said adhe- 
sion restricting means comprises a nickel plat- 55 
ing layer formed on the temporary substrate so 

as to leave only said peripheral region ex- 
posed and a polyimide layer of a polyimide 
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